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Internationally, analysts have increased their technical sophistication and
geographical scope of water issues and water-management policies. They have determined
the impacts of water quality and demand upon ecological systems, and they have framed
policies for the management of watersheds. I examine a subset of these issues in relation
to the Hong Kong-Guangdong region as part of a Hong-Kong/Pearl River Delta studio in
the Department of Urban Studies and Planning. The study site is a basin, and, as such, it is
comprised of a number of catchments. The water sources are mainly in the Guangdong
region, while the water demand is spread across the region. This leads to an imbalance in
water supply and demand and to the need for a cross-agency, cross-border integrated
approach, with joint consideration by all governmental units of environmental, land-use,
and water issues.
I focus on three important issues: (1) governance of water allocation, (2) environmental
pollution, and (3) cross-border management. I make the following two key
recommendations for coordinated action:
* Hong Kong should consider providing funding for investments in wastewater treatment
in the Pearl River Delta. Hong Kong has invested substantially in its own wastewater
treatment systems. Well-structured expenditure on wastewater treatment in the Pearl
River Delta will have a much greater impact on water quality than a similar level of
expenditure aimed at further improving Hong Kong's extensive system of wastewater
treatment.
" To solve the complex environmental problems, the Hong Kong government should
consider cooperating with local governments in the Pearl River Delta, and not just the
provincial government. As a first step to improving the effectiveness of the
Environmental Protection Liaison Group, local environmental bureaus should be
represented.
Thesis Supervisor Jennifer Davis
Assistant Professor of Infrastructure Planning
Thesis Reader Tunney Lee
Professor of Architecture and Urban Studies and Planning, Emeritus
May 2000
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Chapter 1
BACKGROUND, METHODOLOGY, AND STUDY SITE
1.1 Introduction
Internationally the analysis of water issues and the policies for water management
have been increasing in both technical sophistication and geographical scope. Analysts
have determined the impacts upon ecological systems of water quality and demand, and
they have framed policies for the management of watersheds. Their approaches are based
in an environmental analysis in which water is a central component in ecological systems
that often extend beyond a single set of political boundaries. At an organizational level,
their analyses suggest a coordinated approach to the issues of surface and ground water
quality, water allocation and supply, and wastewater treatment. The analyses also demand
a cross-agency and integrated approach to urban and regional planning, where there is a
degree of joint consideration of environmental, land use, and water issues.
Decision-makers who want to achieve integrated systems of water management
face a major challenge as they work across institutional and jurisdictional boundaries to
improve surface water quality and handle the competing water demands of different
communities and different types of uses. Transboundary water management and the use of
larger units of analysis is a particular challenge for the governments of Hong Kong and
Guangdong, one of the more than 30 provinces of the People's Republic of China (China).
Both within and between each jurisdiction, there are fragmented approaches to developing
and implementing policies that solve some of the issues of surface water quality, water
allocation, and wastewater treatment.
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The need for improved coordination is a recurring theme in the literature on
environmental management in Hong Kong. As a political issue, it was mentioned in the
Chief Executive's Policy Address, October 1999, and the Citizen's Party water-quality
policy paper, November 1999, in which it was argued that Hong Kong should look to
international models of watershed management. In this research paper, I investigate the
institutional improvements that may be implemented in the short-term to improve
coordination and planning between the Hong Kong Special Administrative Region (SAR)
and the Provincial and local government agencies in Guangdong that are responsible for
river water quality and water allocation.
The need for transboundary cooperation arises in the Hong Kong-Guangdong
region as a consequence of the large units of analysis needed for water management. This
need to deal with large units runs against the contemporary political trend towards the
decentralization of political and financial authority, particularly in societies undergoing
economic transition. In an international context in which there is an increasing number of
jurisdictional boundaries, there is also an increasing need for institutional mechanisms that
enable water resource and environmental agencies to work across both national and
regional borders.
Particularly since the reunification, in 1997, of Hong Kong with the People's
Republic of China, both academic and political discussants have raised the issue of
improving institutional coordination between Hong Kong and the Pearl River Delta.
Though the boundary is not new, the changes in political relationships have prompted
policy debate about future economic and environmental relationships. There are a number
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of impediments to pursuing greater coordination, including the need to maintain the
independence and distinctiveness of Hong Kong's political, legal, and economic systems.
Nonetheless declining ambient-air and harbor-water quality have created a policy
context in which improved environmental coordination continues to be raised. In October
1999, Mr. Tung Chee Hwa, the Chief Executive of the Hong Kong SAR, in his annual
Policy Address, announced six areas of closer environmental cooperation, two of which are
water-quality issues, between Hong Kong and the Guangdong Provincial Government. The
Working Group on Improvement of the Urban Environment (an advisory body to the Hong
Kong Environment and Food Bureau) released a Green Paper that recommended that the
Hong Kong Government: "Increase cross-border liaison and cooperation, agree on a
priority action plan, and increase transparency and accountability of the (environmental
planning) liaison group." In November 1999, Christine Loh, Member of the Legislative
Council and leader of the Hong Kong Citizen's Party, released a water-policy paper that
recommended that a regional watershed-management authority be established.
Though a watershed management authority may be an important medium- to long-
term policy goal, in this paper, I examine the short-term steps that can be taken to improve
policy coordination on water quality and allocation between Hong Kong and the Chinese
cities of the Pearl River Delta. Admittedly, river water quality and water allocation are not
only regional problems, but are also nationwide problems, and any new regulations and
standards will, to an extent, be shaped by policies made at the national level in China. But
given that the weak point in environmental implementation are the local environmental
offices, as a consequence of their conflicting responsibilities to both national and local
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authorities, there is a need for cooperative regional and local strategies that improve the
incentives for implementation.
Like any analytical approach that relies upon the use of spatial units of analysis,
even when these units of analysis are large, the defining of catchments is somewhat
arbitrary, even though they are more closely related to geographical and environmental
systems than are political borders. In the Hong Kong-Guangdong region, we use the
geographical characteristics and the shared water resources to define a new cross-border
approach to economic, political, and resource-management relationships. The study site is
a basin, and as such is comprised of a number of catchments. Though larger than a single
catchment, this economic and hydrological region is linked both by shared resources and
common problems: one of the key issues is how to manage the transport of pollutants.
In planning for water management, analysts can deal with issues at the normative,
strategic, and operational level. I attempt to deal with the strategic issues, though in the
process of making recommendations, I may fall into normative approaches, and, in the
process of considering implementation issues, I touch upon operational considerations.
1.2 Study Site and Background Information
The Zhujiang (Pearl) River is 2,214km in length and has a drainage area of 453,690
square km. Together with related coastal rivers-the Dongjiang (East River), the Beijiang
(North River) and the Xijiang (West River)-the Delta has a total drainage area of 580,640
square km. Though it is the fourth longest river in China, it has the second largest annual
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volume flow of any Chinese river at 333.8 billion cubic meters,' with 80% of the total
annual flows concentrated during the wet season of April to September.2 The Pearl River
watershed supplies the water for much of Guangdong province and for Hong Kong. In
1997, 4.36 billion cubic meters of water were supplied through municipal water-supply
systems in Guangdong.3 In the same year 916 million cubic meters of freshwater were
consumed in Hong Kong, of which 760 million cubic meters were supplied from the
Dongjiang River in Guangdong.4
The Pearl River Delta includes the cities of Guangzhou, Shenzhen, Zhuhai, Foshan,
Zhongshan, Dongguan, Huizhou and Jiangmen. The region is roughly triangular in
shape,with Guangzhou being the northern population and industrial center, while Shenzhen
on the eastern side of the delta and Zhuhai on the western side are the southern mainland
cities. The Hong Kong Special Administrative Region (SAR) is directly south of
Shenzhen, and the Macau SAR is to the south of Zhuhai. In 1997, Guangdong had a total
population of 71.6 million people, and the eight major cities in the mainland section of the
Pearl River Delta region had a population of approximately 23.4 million people:
Guangzhou had a population of 6.7 million and Shenzhen a population of 1.1 million.5 In
mid-1999, the Hong Kong SAR had a population of 6.8 million people,6 and the Macau
SAR had an estimated population of 0.4 million.
1 China State Statistical Bureau, Chung-kuo t'ung chi nien chien, (China Statistical Yearbook), 1998, "Table 1-6:
Major Rivers," "Table 1-7: Drainage Area of Rivers," p. 7.
2 R.J. Neller and K.C. Lam, "Chapter 18: Environment," in Y.M. Yeung and D.K.Y. Chu (eds.), Guangdong:
Survey of a Province Undergoing Rapid Change, 1994, p. 402.
3 China Statistical Yearbook, 1998, "Table 11-6: Basic Statistics on Tap Water Supply in Cities by Region," p.
370.
4 Hong Kong Government, Water Supplies Department, Annual Report - Water Supplies Department, 1997-
1998, "Resources and Freshwater Annual Consumption."
5 China Statistical Yearbook, 1998, "Table 11-3: Main Social and Economic Indicators of Provincial Capitals and
Separate Planning Cities," p. 366.
6 Hong Kong Government, Census and Statistics Department, Hong Kong in Figures, March 2000, p. 3.
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Economic growth in the Pearl River Delta has been rapid since the late-1970s,
when the People's Republic of China allowed foreign direct investment in selected
southern coastal regions of the country. Much of the economic growth in this region has
resulted from the relocation of Hong Kong's manufacturing industries. Between 1990 and
1995, the number of industrial enterprises in Guangdong increased from 30,404 to 40,680.7
The value of industrial production increased rapidly from 16.0 billion yuan in 1990 to 71.9
billion yuan in 1995, while the total value of agricultural output in 1995 was 14.5 billion
yuan.8 Manufacturing output, at 65.7 billion yuan, was 91.4% of the value of industrial
output. The combination of population growth, caused by in-migration from less
economically developed northern and western provinces of China, and the growth of the
manufacturing sector has led the Pearl River Delta to shift from being a predominantly
agricultural region to being an industrial and, increasingly, urban region. Even within
agriculture, there has been a shift from market produce for local consumption to higher
value added commercial agriculture.
1.3 Site Visit
The process of group problem solving has been at the center of the Hong
Kong/Pearl River Delta Planning Studio during the Spring 2000 semester. Members of the
studio have been collecting data and building possible scenarios with the purpose of
informing the contemporary policy debate on the future relationship of Hong Kong and the
Pearl River Delta, and the strategic decisions that are needed to maintain its position as a
competitive world city-region. As an introduction to the broad transportation, economic
' China State Statistical Bureau and Euromonitor/Soken, China Marketing Data and Statistics, 1st Edition, 1998,
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development, and environmental issues that face the region, the Studio class visited Hong
Kong and Guangdong from January 9-17, 2000 for a series of meetings and industry visits.
We had many interesting discussions that touched upon central questions in economic and
social development and environmental protection. Nonetheless, we found it difficult,
particularly during our short visit to the People's Republic of China, to identify data that
would provide a basis for a quantitative analysis of problems.
Even so, the content of this technical paper was shaped both by the issues that arose
during the group meetings as well the issues that arose during my individual meetings from
January 18-26, 2000 with policy makers, environmental nongovernment organizations and
academics. While in Hong Kong I also conducted a library search at the Pearl River Delta
Collection, City University of Hong Kong, and for government documents and statistics at
the Central Public Library. I have gained quantitative information on Hong Kong from a
range of government publications, while I obtained data on Guangdong from national and
provincial statistical yearbooks.
There were a number of students, and other members of the project team, whose
primary interest in the project was in the environmental issues that face the region. During
the group meetings we had an opportunity to raise broad environmental questions, and I
also had an opportunity to ask for both comments and data to help answer important
technical, social, and political questions. In my individual discussions, I focused upon
three key issues: riverine water quality, water allocation, and the cross border governance.
I will discuss these issues in detail in Chapter Three, but first I will provide a literature
review in Chapter Two.





In a broad sense, watershed management means the coordination of water, land,
and environmental resources in the context of catchments: an area of land in which all the
waters flow to a common river system. Mitchell (1990) stated that the coordinated
approach to water, land, and environmental resources is an idea that has received
considerable attention with possibly the most widely known model of integrating the
management of water and related resources being the Tennessee Valley Authority which
was established in 1933. Heathcote (1998) argued that since the late-1970s there has been
the emergence of an international consensus that instead of a more traditional sectoral or
localized approach to water-quality and allocation issues, the watershed is the best unit of
management of water resources. In the United States, watershed management has come
to mean the prevention of point and non-point pollutants and the integration of
comprehensive land and water-management approaches in order to achieve these aims in
an effective and efficient manner.10 The US Environmental Protection Agency's national
watershed protection strategy integrates existing water-pollution control functions into a
broader watershed context.
Reimold (1998), using Schueler's (1995) analysis, presents five categories of
watershed-management units: (1) a catchment, with a typical land area of 0.05-0.5 square
8 Ibid.
9 I.W. Heathcote, Integrated Watershed Management: Principles and Practice, 1998, p. ix.
10 See D.P. Loucks and A.B. Avakian, "Restoration of Degraded Water Resource Systems: Issues, Opportunities,
Challenges and Experiences," in D.P. Loucks (ed.), Restoration of Degraded Rivers: Challenges, Issues and
Experiences, 1998, p. 17.
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miles; (2) a subwatershed (1-10 sq.mi); (3) a watershed (10-100 sq.mi); (4) subbasin (100-
1000 sq.mi) basin (1,000-10,000sq.mi). In addition to differences in scale, Johnson (1997)
makes the point that there are different paradigms for watersheds: they can be analyzed and
imagined as hydrological system of rivers and reservoirs, or a riverine-riparian ecosystem
of habitats and species or as a bio-region of interacting environmental and human
systems." Our understanding of the watershed--of its environmental, economic, social and
cultural aspects--will influence our approach to framing responses to water-quality and
water-scarcity issues, and the relative importance that we ascribe to such considerations as
economic uses of water as opposed to the importance of water for sustaining an
environmental system.
Mitchell (1990) in his discussion of integrated water management sets out three
approaches to water policy integration. At its most basic, water management is comprised
of interrelated components: water quantity, water quality, surface water and groundwater.
At this level, water management is focused upon the interaction of water supply,
wastewater treatment and water quality.' 2 At a further level of sophistication, analysts who
consider water in an integrated manner see water as a system that interacts with other
systems, in particular with those of land use and environmental quality. This involves the
consideration of issues such as flood-plain management, erosion control, non-point sources
of pollution, preservation of wetlands, and agricultural drainage.' 3 The third level of
analysis is how water systems interact with economic and social development. This paper
" W.K. Johnson, "Restoration Through Imagination in Planning and Management," in D.P. Loucks (ed.),
Restoration of Degraded Rivers: Challenges, Issues and Experiences, p. 57.12 B Mitchell, "Chapter 1: Integrated Water Management," in B. Mitchell (ed.), Integrated Water Management:
International Experiences and Perspectives, 1990, p. 1.13 B Mitchell, "Chapter 1: Integrated Water Management," in B. Mitchell (ed.), Integrated Water Management:
International Experiences and Perspectives, 1990, p. 1.
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is mainly concerned with the second level of analysis: of how water systems in the Pearl
River Delta interact with land-use and environmental decisions. The integrated
consideration of water, land, and wider environmental issues makes sense because water-
quality problems are usually generated by activities in other sectors.
One of the key difficulties of dealing with issues of water quality is that it is still
unclear what are the precise impacts upon humans, animals, and plant species of chemical
discharges into the aquatic ecosystem. Analysts must make major assumptions in setting
standards for water quality (Rogers, 1993, pp. 38-39). "A fundamental question is whether
standards should be geared towards human use of the water, human health impacts, or the
quality of the ambient environment. Does the ecosystem have any rights other than
sustaining itself for continued human use?" (Rogers, 1993, p. 39).
2.2 Transboundary Management of Water Resources
Boundaries are the points where policies and regulations become fragmented.
There will always be problems with boundaries and trouble working across agencies.
There is no one solution to institutional problems. This situation, of needing to work across
a border, is not unique to the Pearl River Delta. There are many international cases of
where the transboundary consideration of water-quality and water-allocation issues causes
difficulty in framing solutions that are efficient and equitable. The post-communist era
creation of new states in Eastern Europe has resulted in a new set of transboundary water
issues for rivers such as the Elbe and Danube. In South East Asia, the management of the
Mekong has tested the capacity of states and agencies to work together for the cooperative
management of an internationally shared and strategically important resource. "Borders
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have powers of magnification: Problems, including pollution and poverty, become more
difficult to solve at borders."14 Referring to Eddison (Australian Quarterly) Mitchell
argued: "the major management problems are always at the boundaries-or those points
situated between states, between levels of government, among agencies, or among
divisions within departments ... the definitive resolution of boundary problems is not
possible, because at any time there are always several different and plausible approaches.
Furthermore from one viewpoint or another, every solution will have a weakness."
(Mitchell, 1990, p.6).
2.3 Institutional Arrangements and Governance Issues
The consideration of watershed management and transboundary issues leads to the
critical issue for the Pearl River Delta: effective water management requires institutions
that can work across borders and achieve some degree of policy coordination even where
there are conflicting resource demands, different levels of economic development and
different environmental values. Institution in this context refers to the governance of water:
it includes the set of agencies, laws, and practices. Though the need for improved
institutional approaches to transboundary management has received much attention in the
literature, Weatherstone argued that there is a continuing lack of precision in what are the
important aspects of improved institutionality.
2.4 The Case of the Pearl River Delta: Hong Kong Special Administrative Region and
the Province of Guangdong
"4 H. Ingram, N.K. Laney and D.M. Gillilan, Divided Waters: Bridging the U.S.-Mexico Border, 1995, p.203.
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The issues of transboundary water management in Hong Kong and Guangdong
have emerged as being particularly important for regional sustainability. Current
institutional arrangements have led to fragmentary responsibilities for environmental
management both in Hong Kong and Guangdong. In addition, the Hong Kong and
Guangdong governments have different standards and control for different parameters. A
more precise understanding of water quality and allocation issues is made difficult by the
lack of mainland data on water quality and demand issues provided to Hong Kong
government and researchers. Hills et al. (1998) stated that there had been insufficient
analysis of impacts, in large part due to the lack of data sharing. Based upon Chinese
statistical information, there has clearly been a growth in the quantity of domestic waste,
however, it is unclear what the precise impacts on the Pearl River water system have been.
One of the key issues raised by Carlos Wing-Lo from the Hong Kong Polytechnic
Department of Management is that the Hong Kong Administration has failed to recognize
that they need to work with the local environmental protection bureaus in Guangdong
instead of solely dealing with the provincial government. The structure of environmental
protection in China is such that local environmental bureaus have a key role in
environmental implementation. Legislation has failed to be implemented by local
environmental agencies in China due to problems of institutional design and institutional
constraints. Though local environmental agencies are established by national legislation,
and though they have responsibility for implementing national regulations, they are
primarily accountable to local governments, which in the Pearl River Delta, are
overwhelmingly growth-oriented. The focus on growth is especially acute because of the
central government instructions to reach economic growth targets of seven percent. There
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is no legislative capacity for the provincial government to impose stricter standards on
local environmental agencies, they only have the power to provide guidance. Rather than
limiting discussion of environmental issues to contact with the provincial government,
Hong Kong has to work directly with local governments.
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Chapter 3
AN ANALYSIS OF WATER ALLOCATION, WATER QUALITY,
INSTITUTIONAL, AND TRANSBOUNDARY ISSUES
3.1 Background
There are three key environmental challenges of water-resource management that
together require cooperative regional decision making between the Hong Kong SAR and
the administrative regions of the People's Republic if both economic and environmental
sustainability within the Pearl River Delta is to be improved. These issues are (1) the
governance of water allocation, (2) water quality, and (3) transboundary environmental
standard setting and implementation. Regional water-resource planning will only have an
impact upon water allocation and quality if there is the capacity to implement cooperative
policies not only on both sides of the border, but also at different levels of government.
Water allocation is emerging as a key regional issue as a consequence of domestic and
industrial pollution decreasing the amount of water readily available from the river system
for both household and industrial purposes. Developing a clean water supply is of strategic
importance for the region to maintain its competitiveness within Asia and ability to attract
foreign direct investment.
There is a complicated set of decision-making and planning implementation
relationships among the Peoples Republic, the Guangdong Provincial government, Special
Economic Zones (SEZs), municipal level governments and the Hong Kong and Macau
SARs. The detailed nature of those institutional relationships is beyond the scope of this
paper; however, it is important to note that we are dealing with a diverse set of
administrative entities that have different accountability structures and different
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environmental priorities, and which need to work together for the cooperative management
of transboundary water resources.
The various administrative entities are a reflection of the variety of boundaries that
exist within the Pearl River Delta. These boundaries are both horizontal and vertical: the
Hong Kong and Macau SARs have similar administrative status to the Guangdong
Provincial Government, while the Shenzhen and Zhuhai SEZs, and local governments have
varying degrees of independence from, and control by, the Central and Provincial
governments. This makes environmental policy, planning, and implementation far more
problematic: responsibility for the achievement of environmental standards is not clearly
delineated, the plethora of boundaries make it easy to identify poor environmental
attainment as being caused by practices outside of one's area of responsibility. In addition
the problems in water allocation and quality have, in part, been caused by both national
and international decision-making: population growth has been the consequence of
national economic policies that aimed to attract foreign direct investment to this border
region. The regional environmental problems are, in part, embedded in this being a region
of transition between, and coexistence of, economic and political systems.
3.2 Governance Issues Concerning Water Allocation.
The key governance issues for the region are: the allocation of water rights; the
contractual and financial considerations that have led to excess water being supplied from
the Dongjiang (East River) to the Hong Kong Water Supply Department; and the emerging
water shortages within the rapidly growing urban areas of Guangdong Province. Present
and future competition for water allocation in the region is a critical issue that will
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influence environmental, economic, and political relationships. It may seem curious that a
region that is defined by the hydrological characteristics of being a river basin should have
water shortages. This problem, that will be difficult to solve, is due to the combined effects
of fragmentary decision-making, the degradation of the catchment and misallocation of
water resources.
In both Hong Kong and the People's Republic of China (China), water rights
belong to the state: publicly owned utilities supply water for domestic purposes, as well as
providing agricultural and industrial users with the dispensation to withdraw river water.
Though the ownership of water rights may appear clear, in practice the allocation water is
determined by economic, strategic, and financial considerations that sometimes distort the
regional allocation of water resources. The key misallocation is the supply of 760 million
cubic meters of raw water to Hong Kong from the Dongjiang (East River) at a cost of
HK$1.9 Billion, which when combined with the water yield from Hong Kong's reservoirs
was 72.3 million cubic meters in excess of the annual demand of 915.6 million cubic
meters in 1998. The Guangdong Provincial Government is obliged to supply this amount
of water by a contract originally entered into between the Hong Kong Colonial
Administration and the Government of the People's Republic in 1989.
The trend in demand of fresh water in Hong Kong has been lower than anticipated
when the original water-supply agreement was negotiated. In 1988, the growth in total
freshwater demand was 7.4%, and, in 1989, the growth in demand was 4.9%. However in
1997 demand for freshwater fell by 1.3 %, and in 1998, it grew by only 0.2%. In part, these
lower levels of demand are due to lower rates of population growth in Hong Kong as well
as the relocation of many water-intensive industrial activities, such as cloth and garment
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production, from Hong Kong to areas within China. Even though the quantity of water
supplied from Guangdong Province was renegotiated downwards in 1997, the amount of
water supplied from the Province is still too large for the current demand (the excess is
pumped into the harbour). For the Guangdong Government, however, this sale of water is
an important stream of revenue that leads to their reluctance to enter into talks about
reducing the amount of water that is supplied to Hong Kong.
Though too much water is currently being supplied to Hong Kong, Guangdong
Province is not receiving sufficient water to supply its increased need in cities. To show
the increase need for water in cities in Guangdong Province, I need data that are not readily
available, but this need was expressed by the people whom I interviewed. There is also a
need to coordinate decisions about both sewerage-treatment level and the location of
treatment facilities. Water allocation and quality are significant issues that could affect
Hong Kong's future relationship with the mainland. The agreement to supply water to
Hong Kong was taken by the Central Government even though there is a large demand for
water within China. In the medium-term to long-term, there could be resistance by local
authorities to continuation of the "unlimited" supply to Hong Kong, partially because of
the increasing number of water restrictions in the Pearl River Delta. The complexity of the
problem is illustrated by Professor Sun's, (Director of Planning, Shenzhen SEZ), response
to my question about how serious were water shortages to future development. He
responded that the lack of potable water and the dependence on surface water from the
Dongjiang (East River) was a pressing environmental issue for the city and that this
localized problem could only be solved through a regional plan that examined the issue of
water allocation and arrived at a balancing of water need.
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In China, there is an increase in mainland population, while the services are not
being extended to keep up with that increase. A priority is starting to be given to protect
the water catchment and water sources in response to the emerging problems of water
allocation.
3.3 Coordinated Planning on River Water Quality.
Industrial development and population growth in the Pearl River Delta has led to
the deterioration in river water quality primarily due to the increasing volume of untreated
municipal and industrial wastewater which have been discharged into the river system. The
volume of total wastewater discharged has increased at a faster rate than the improvement
in treatment capacity. In 1997, approximately 4.2 billion cubic meters of wastewater were
discharged in the whole of Guangdong, of which 70% came from domestic sources."
Table 1 shows the growth in wastewater discharges and the rapid growth in domestic
discharges between 1990 and 1997.
Table 1: Wastewater Discharged in Guangdong.6
1990 1995 1996 1997
Total Volume of 2.5 3.8 3.7 4.2
Wastewater Discharged
(billion cubic meters)
Domestic Sewage 1.1 2.1 2.1 2.9
(44 %) (56 %) (57 %) (70 %)
Industrial Sewage 1.4 1.6 1.5 1.3
(56 %) (44%) (43%) (30 %)
15 Statistical Bureau of Guangdong Guangdong tongi nianjian, (Statistical Yearbook of Guangdong), 1998.
16 Statistical YeaTook of Guangdong, 1998.
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Within the Pearl River Delta, approximately 2.7 billion tons of wastewater were
discharged into the river system in 1997. The continued urbanization along the Pearl River
Delta has placed greater demands on municipal wastewater-treatment plants. Discharges of
domestic wastewater have increased in Guangdong by approximately 12% per annum
since 1990.
These data, though they represent a summary statistic for the whole of Guangdong
and therefore do not allow for interpretation of which sub-regions would most benefit from
improved wastewater treatment capacity, do indicate the need for investment in the
extension of wastewater treatment in the mainland cities. Declining water quality is
primarily a consequence of urban population growth and the rapid increase in untreated
domestic wastewater discharges. Between 1991-1996 domestic wastewater discharges
from the eight major cities in the Pearl River Delta--Guangzhou, Shenzhen, Zhuhai,
Dongguan, Huizhou, Foshan, Zhongshan and Jiangmen--increased from 0.9 billion cubic
meters to 1.4 billion cubic meters.' 7 When compared with the data provided in the China
Statistical Yearbook, they suggest that though the region has approximately 30% of the
population, it generated approximately 66% of the recorded domestic wastewater. Though
there are important issues of data collection, in particular the relative ease of quantifying
concentrated urban discharges compared to diffuse rural sources, these data provide some
support to an interpretation that increasing urbanization is placing added environmental
pressure on the riverine water systems.
17Data from Guangdong Province Environment Protection Board, 1996, in Hills, Zhang and Liu,
"Transboundary pollution between Guangdong province and Hong Kong: Threats to water quality in the Pearl
River estuary and their implications for environmental policy and planning", Journal of Environmental Planning
& Management, Vol. 41, Issue 3, 1998.
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The data suggest that industrial pollution has possibly been declining since 1995,
though the underreporting of wastewater discharges may make it difficult to assess these
recent trends in industrial pollution accurately.' 8 If the data do accurately reflect a trend,
then this would fit with Sinkule and Ortolano's (1995) analysis that the local
environmental bureaux in the People's Republic are more successful at controlling
industrial pollution than nonpoint and domestic wastewater pollution.19 National
environmental standards, environmental impact assessments, which are called "the three
synchronizations," and pollutant discharge fees are the policies that have enabled some
improvement in the control of industrial pollution.2 1 In my interview with Wing-Lo, he
indicates the importance of discharge fees to fund the activities of local environmental
bureaux as providing a key institutional incentive for focusing upon industrial rather than
domestic wastewater discharges.
Though the data do indicate the real issue of upstream domestic wastewater
discharges, it is important to note that environmental practices within Hong Kong
contribute to poor water quality, which is a problem created by nonpoint pollution as well
as the environmental impact of discharging primary treated sewerage into the harbor. In
Hong Kong, as in the cities of the Pearl River Delta, most sewage that is treated only
receives primary treatment. In 1999, approximately 547 million cubic meters of
wastewater that had received primary treatment were discharged into Victoria Harbor,
18 RJ. Neller and K.C. Lam, "Chapter 18: Environment," in Y.M. Yeung and D.K.Y. Chu (eds.), Guangdong:
Survey of a Province Undergoing Rapid Change, 1994, p. 402.
19 BJ Sinkule and L Ortolano, Implementing environmentalpolicy in China,1995, pp. 15-17.2 0 BJ Sinkule and L Ortolano, Implementing environmentalpolicy in China,1995, pp. 11-14.
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which was more than the capacity of wastewater treatment in the entire Guangdong
Province.
This same water system that is the medium for disposing of wastewater is the
source of the water used for domestic, industrial, and agricultural purposes. This leads to
the constantly recurring environmental problem of externalities: downstream users face the
impact of upstream pollution while having limited tools with which they can influence
environmental practices outside of their jurisdiction. One of the key difficulties in
identifying the precise extent of the environmental impact of upstream behavior is that this
type of scientific analysis has yet to be conducted in the Pearl River Delta. In personal
interviews, I received numerous illustrations of the problems. An example is my
discussion with Ms Marjorie Yang, Chairman of the Esqual Group, an integrated garment
manufacturing enterprise that employs approximately 10,000 workers in Gaoming, in the
northern part of the delta. She stated that expensive technologies and processes were
needed to clean river water before it could be used in cloth and garment production. The
cost of cleaning the water to a standard that was usable in the production of bleached white
cloth was prohibitive for smaller-scale cloth producers.
In my interviews with environmental nongovernment organizations, the officials
suggested that the declining water quality in the Dongjiang (East River) catchment, caused
by both industrial and domestic pollution within the Shenzhen SEZ, is leading to the
consideration of costly alternatives for supplying water to Hong Kong. These include the
construction of infrastructure that would allow the transportation of water from cleaner
sources further north. The alternatives proposed by the Guangdong Provincial Government
21The capacity of municipal treatment systems in Guangdong Province in 1997, for example, was 445 million
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are building aqueducts to transport water from Heyuan City, which is 150km from
Shenzhen, or from the Xijiang (West River) in Gauyou City, Guangxi Province,
approximately 500 km from Shenzhen. This investment could alternatively be redirected
to the remediation of the degraded river system. With either investment in infrastructure
that allows new sources of raw water or river remediation to sustain existing water sources,
the downstream users are facing the externalities of uncoordinated regional development
and the fragmented implementation of environmental regulations.
I have not been able to find evidence yet to support at least three important issues
that may affect my analysis. First, during my interviews, it became evident that the public
perception is that of greater health risk from declines in the drinking water quality in Hong
Kong as a consequence of decline in environmental quality in the catchment. Second,
there has seemingly been a serious impact on drinking water quality in some cities in
Guangdong; however, the China statistical data are not adequate to support this claim.
Third, agricultural pollution is nonpoint pollution and therefore may not be easily
controlled. Also, because of its dispersed nature, good data are not readily available.
3.4 Transboundary water management.
Policy makers who want to solve the issues of river remediation, implement stricter
regulations governing point sources of pollution, impose new regulations for non-point
sources, improve both the capacity and degree of waste water treatment are all confronted
with the complexity of the jurisdictional fragmentation of the region. To an extent
jurisdictional fragmentation also reflects differences in economic development and per
cubic meters, which was 15.1% of total domestic wastewater discharges. China Statistical Yearbook, 1998,
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capita income. Though Southern Guangdong has industrialized and urbanized rapidly, and
is wealthy by the relative standards of the People's Republic of China, Hong Kong is still
significantly wealthier than adjacent cities on the mainland. These economic and social
differences embed differences in environmental priorities that make it difficult to pursue
the transboundary planning and implementation of water resource management. However,
as I discussed implicitly throughout this chapter, the Pearl River Delta requires strongly
coordinated efforts for the environmental problems in the region to be solved in an
effective manner.
The fact that the issues are transboundary affects how the governance structure is
set up. If it were an independent decision within a single jurisdiction, it may be possible to
achieve some of these aims through improved interagency coordination. As transboundary
issues, there is the need to provide a structure for complex cross-system relationships.
Complicating factors include the administrative competition throughout the region. This
raise challenges for the different local jurisdictions to try to improve environmental
performance by identifying incentives for higher levels of environmental performance by
local stakeholders.
The various sources of pollution--domestic, industrial, and agricultural pollution in
the Guangdong region, and domestic and nonpoint in Hong Kong-each require a different
set of policy solutions as does the problem of regional water allocation. With a different set
of incentives, it is possible that freshwater that is surplus to the needs of Hong Kong would
not be dumped into the harbor. Though a comprehensive set of policy recommendations is
beyond the scope of this paper, one of the key solutions may be for Hong Kong to provide
"Table 11-9: Basic Statistics on Municipal in Cities by Region," p. 373.
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the same revenue stream to the Guangdong Provincial government, but for a lower supply
of water. The additional funding, beyond the cost of purchasing raw water, could be tied to
river remediation and as leverage for further region-wide investment in the extension of
domestic wastewater treatment facilities.
An institution with the capacity to manage transboundary water resources needs to
be established. To be effective and to provide a new approach to environmental issues this
institution would need to include participation by nongovernment organizations as well as
a procedure to allow for direct public participation. Yet, for public participation to be
effective, the key problem of limited data sharing would need to be solved. The
effectiveness of a cooperative institution would, in part, be determined by the availability
of well-documented region wide water allocation and quality data.
One of the key problems in solving cross-border environmental issues is the limited
data released both by Chinese government agencies and academic institutions. Often, even
in collaborative projects, the only data provided were the summary statistics that were also
available in statistical yearbooks. In the final chapter, I provide some recommendations
and conclusions concerning these important issues.
22 The Hong Kong Standard, 26 November 1999, p.1.
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Chapter 4
RECOMMENDATIONS, FUTURE RESEARCH, AND CONCLUSIONS
4.1 Prioritised Recommendations
The following are the two key recommendations for coordinated action:
" Hong Kong should consider providing funding for investments in wastewater treatment
in the Pearl River Delta. Hong Kong has invested substantially in its own wastewater
treatment systems. Well-structured expenditure on wastewater treatment in the Pearl
River Delta will have a much greater impact on water quality than a similar level of
expenditure aimed at further improving Hong Kong's extensive system of wastewater
treatment.
" To solve the complex environmental problems, the Hong Kong government should
consider cooperating with local governments in the Pearl River Delta, and not just the
provincial government. As a first step to improving the effectiveness of the
Environmental Protection Liaison Group, local environmental bureaus should be
represented.
4.2 Limitations
Work on institutional issues benefits from detailed knowledge of the particular
case. This study relies upon the knowledge that could be gained from discussions with
academics and nongovernment organizations and the information that is publicly available
in reports, monographs, and journal articles. The process of scenario building and group
problem solving contributed enormously to overcoming the gaps in my individual
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knowledge, nonetheless this report would be a more complete document if I had a longer
history of studying water issues within China.
4.3 Future Research
In the future, analysts need to conduct a more detailed investigation into issues of
funding, decision-making capacity, and structures for community representation. In
addition, they need to do more quantitatively based studies. For example, they could
estimate the increased operating costs caused by low water quality for Hong Kong-owned
industries located in the Pearl River Delta, which may yield useful information to support
Hong Kong investment in wastewater treatment in the Pearl River Delta. Also, a
comparative study, particularly with the management of water resources in the US-Mexico
border regions may yield useful insights into solutions to, as well as the generalized
constraints upon, the governance of transboundary water resources.
4.4 Conclusions
Increasing industrial activity and population growth together with the inadequate
implementation of environmental regulations are leading to declining water quality that, in
turn, is adding to the costs of industrial production. Planning for surface-water quality
improvements and more sustainable patterns of water allocation requires the identification
of priority issues for policy coordination and the introduction of clearer incentives for
government agencies to work together across the border. Institutional improvement is only
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one aspect of the complex set of issues that make up water management, but it is a key step
before substantial progress may be made on larger issues.
Transboundary water management in the Pearl River Delta needs to engage the
problems of different levels of economic development and resulting issues of fairness;
different ability to pay, which raises issues of efficiency; and the impact of inadequately
treated municipal waste on the river system. Regional water scarcity, which may be the
most critical manifestation of environmental problems, is an emerging issue that is
differentiated across the region. The process of working together to manage the water
quality and allocation of the Pearl River system will, in part, be a product of political
economy in addition to being the outcome of technical and scientific considerations.
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APPENDIX A
DISCUSSIONS AND MEETINGS DURING THE SITE VISIT TO HONG KONG
AND THE PEOPLE'S REPUBLIC OF CHINA, JANUARY 2000.
A.1 Allocation, Environmental Quality and Governance Discussions in the People's
Republic.
Professor Sun, Department of Planning, Shenzhen University, said that the lack of
potable water and the dependence on surface water from the Dongjiang River was a
pressing environmental issue for Shenzhen and a regional plan was needed to solve the
water distribution issues and the balancing of supply and demand for water.
Ms. Ma Xiu-ling, South China Environmental Research Institute, argued that it is
unlikely that Guangdong would attempt to meet the same water-quality standards as those
in Hong Kong, as this may seriously affect economic activities. Nonetheless there is still a
need to for coordinated efforts to solve environmental problems in the region. She also
argued that Hong Kong's implementation of water-quality control measures in the harbor
had provided an incentive for manufacturing industries to relocate to the PRD due to the
pressure of environmental standards.
Academic staff at the Center for Urban and Regional Studies, Zhongshan
University, Guangzhou, stated that urban growth together with low levels of control of
domestic wastewater had caused a decline in clean water to the extent that the Pearl River
Delta was in water shortage.
A.2 Allocation, Environmental Quality, and Governance Discussions in Hong Kong
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Christine Loh, Member of the Hong Kong Legislative Council and Chairperson of
the Citizen's Party, in a meeting which was structured for project stakeholders to provide
direction for the work of the studio class, stated that there was administrative competition
throughout the region and that one of the challenges for improved environmental
performance was to identify incentives for higher levels of environmental performance by
local governments.
Mrs. Mei Ng, Director, Friends of the Earth, Hong Kong, argued that there was a
priority to protect the water catchment and water sources as a response to emerging
problems of water allocation.
Mr. Plato Yip, Research Director, Friends of the Earth, Hong Kong, in an
individual meeting argued that an institution for managing transboundary water resources
needed to be established. To be effective and to provide a new approach to environmental
issues this institution would need to include nongovernment organizations participation as
well as processes for direct public participation. The major impediment was that this type
of institution has not previously existed in either Hong Kong or China.
Professor Carlos Wing-Hung Lo, Department of Management, The Hong Kong
Polytechnic University, argued that legislation failed to be implemented by environmental
agencies in China due to problems of institutional design and institutional constraints.
Though local environmental agencies are established by national legislation, and they have
responsibility for implementing national regulations, they are primarily accountable to
local governments which are overwhelmingly growth oriented, especially with central
government instructions to reach economic growth targets of seven percent. There is no
legislative capacity for the provincial government to impose stricter standards on local
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environmental agencies, they only have the power to provide guidance. Rather than
limiting discussion of environmental issues to contact with the provincial government,
Hong Kong has to work directly with local governments.
Professor Lam Kin Che, Director, Center for Environmental Studies, The Chinese
University of Hong Kong, stated that one of the key problems in solving cross-border
environmental issues was the limited data released both by Chinese government agencies
and academic institutions. Often, even in collaborative projects, the only data provided
were the summary statistics that were also available in statistical yearbooks. He suggested
that relative to cities in Guangdong, where there is a far greater need for increases in
wastewater-treatment capacity, Hong Kong has a costly system to collect, treat, and
dispose of sewerage pollution, even though it contributes only ten percent to the total
sewerage load of the region. There is a need to coordinate decisions about both sewerage
treatment level and the location of treatment facilities. Professor Lam also argued that
water quality and allocation were significant issues that could affect Hong Kong's future
relationship with the mainland. The agreement to supply water to Hong Kong was taken by
the central government even though there is a high demand for water within China. There
could be resistance by local authorities to a continuation of the "unlimited" supply of
water to Hong Kong, while, at the same time, there are water restrictions in the Pearl River
Delta.
While in Hong Kong I also followed up my initial discussion with Christine Loh,
spoke to Professor Howard Huang, University of Science and Technology, and attempted
to contact Professor Peter Hills, Center of Urban Planning and Environmental
Management, University of Hong Kong, who was away from Hong Kong. I also searched
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for materials at the Pearl River Delta Collection, City University of Hong Kong and
government documents and statistics at the Central Public Library. I have gained
quantitative information on Hong Kong from a range of government publications, while I
obtained data on Guangdong from national and provincial statistical yearbooks. I have
collected information both through an electronic and paper-based literature search.
After returning from Hong Kong, and partly in response to the interest from the
project client to having students examine international examples of regional planning and
development, I identified the US-Mexico transboundary management of water resources as
providing a case study where there are sufficient common issues to provide useful
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